ABSTRACT
Introduction
The cellular death can be promoted by severe circulatory alterations and it has been considered a problem morphological and functional organs recovery after transplantation or in acute tissue injury 1 . Morbidity and mortality rates due to ischemia and reperfusion injuries encouraged the researchers involved in transplantation, emergency procedures and major surgeries to investigate strategies to maintain structural and functional organ integrity 2 .
In ischemic conditions, organs has its oxygen and metabolic substrates supplies reduced temporarily, accumulating metabolites and other cell toxins, and during reperfusion, massive releasing of oxygen free radicals promotes worsening of the tissue injury.
The oxygen free radicals have an important role in lipid peroxidation, compromising cellular membrane and organelles, such as mitochondria with damage and cellular destruction 3 . In small bowel transplantation or during resuscitation, gut ischemia and reperfusion may result in severe impairment of the intestinal microcirculation, resulting in mucosal damage, intestinal barrier dysfunction, bacterial translocation, systemic inflammation, multiple organ failure and death 4 . The multiple organ failure is an important aspect of the remote sites of harmful effects of oxygen free radical. In this way, drugs and cellular protector strategies to prevent or to attenuate systemic organ dysfunction must be investigated. Many types of strategies has been studied [5] [6] [7] [8] [9] [10] [11] , such as exogenous Adenosine treatment [12] [13] [14] [15] [16] and ischemic preconditioning [17] [18] [19] [20] [21] .
Adenosine is a nucleotide, ATP metabolite, and it shows action in cellular homeostasis regulation and it is produced in major amount in ischemic conditions. It reduces cytokine synthesis, inflammation intensity and platelet aggregation. Moreover, it stimulates production of antioxidant enzymes, induces and actives superoxide dismutase enzyme, nitric oxide synthase and, consequently, induces production of nitric oxide, to reduce oxidative stress 12 .
Experimental study of ischemia and reperfusion injury showed that adenosine reduces cellular death occurrence due to modulation of cardiac response to stress 13 .
The ischemic preconditioning has been pointed as potential therapeutic strategy, promoting tissue tolerance to ischemia and reperfusion injuries. The IPC involves different mechanisms, such as releasing of adenosine, nitric oxide, hemeoxygenase and protein kinase C [19] [20] [21] . Several organs respond to exposure of brief periods of IR, increasing resistance to subsequent cytotoxic, longer duration and aggressiveness, stimulus 22 .
Ischemia and reperfusion induce morphological changes that can affect the patient prognosis. Some studies have been done using different strategies to minimize the tissue damage, as ischemic preconditioning and adenosine. Considering that ischemic preconditioning induces increase in adenosine release and improves cell energy state, the aim of this study was to investigate the effect of both strategies on the heart injury caused by intestinal ischemia and reperfusion in rats.
Methods
This study protocol was approved by Research Ethics 
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Sham -Saline - and microsurgical instruments. In I and IR groups, the proximal mesenteric artery was isolate at its origin with mononylon 6-0.
To induce ischemic preconditioning, in the IPC group animals, the intestinal flow was interrupted for five minutes, through occlusion of the mesenteric artery using a vascular microclamp. After the temporary initial insult, the clamp was removed and the small intestine reperfused for 10 minutes. The ischemic preconditioning was performed immediately before a 60 minutes ischemia. In IR groups, reperfusion interval was 120 minutes. Sham group was anethetized, submitted to laparotomy and observed by 180 minutes. At the end, the animals were euthanized by exsanguination and the heart was removed for histological analysis.
The heart fragments were fixed in 10% buffered Tissue aspects are illustrated in photomicrographs (Figures 3-6 ).
FIGURE 2 -The cardiac tissue injury scores in rats submitted to intestine ischemia (I) or ischemia and reperfusion (IR) associated or not to the treatment with Adenosine (AD) and/or ischemic preconditioning (IPC), according to the morphological evaluation.
Discussion
The major contribution of the present study was to show the synergistic protective effect of the rat cardiac tissue, promoted by the association of IPC and AD, in an intestinal IR rat model. The cellular protection promoted by adenosine seems to be due to the activation of different subtypes of G proteins coupled receptors and its relationship of those with ATP dependent mitochondrial potassium channels, protein kinase C and mitogen activated protein kinase 15, 16 . This idea is strengthened by the known effect of adenosine preconditioning, mediated by A 1 AR receptors, before organ ischemia, and this process has been described by the tolerance to injury arising from myocardial ischemia, in the early and late stages 13, 14 . Zhou et al. 4 showed that 
Conclusion
Heart tissue showed lesions because of intestinal ischemia reperfusion. IPC as well as AD protect the heart against reperfusion injury, in better way when associate to each other. FIGURE 6 -Photomicrographs of the cardiac tissue from rats submitted to intestinal ischemia and pretreated with association of adenosine and ischemic preconditioning (left) and to same pretreatment and intestinal ischemia and reperfusion injury (right). HE, 40x objective. Observe that myocardium is preserved.
